Introduction
Complicated intra-abdominal infections (cIAIs) occur when the infectious process of an intra-abdominal infection (IAI) extends beyond the limits of one organ, causing localized or diffuse infection of the peritoneum that is usually polymicrobial in nature. 1 The bacterial flora that comprise the infection are generally dependent on the specific location of the site of the perforation of the gastrointestinal tract in community-acquired cIAI. 2 Health care-associated cIAIs frequently result from previous intra-abdominal surgery, and therefore, the nature of the infecting nosocomial pathogen is typically defined by a combination of the site of the operation and the hospital. 2 cIAIs that occur in a health care-associated setting (hospital-acquired or acquired in another health care setting) are generally associated with higher mortality rates than communityacquired IAIs. This increased mortality is due, in part, to the likely poorer underlying health status of patients in health care facilities and the impact of comorbidities on prognosis. 3 In addition, patients acquiring cIAI after surgery may have nutritional Pathogens typically isolated from health care-associated cIAIs are Gram-negative organisms, most commonly Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa; Gram-positive species, namely, Enterococcus spp.; and anaerobic species. 7 The increasing global prevalence of MDR pathogens in this setting, in particular, the continuing spread of extended-spectrum β-lactamase-producing Gram-negative Enterobacteriaceae, is a major concern for the treatment of cIAIs. [8] [9] [10] Management of cIAI requires both timely surgical source control and empirical initial antibiotic therapy (IAT), followed by a switch to a more specific antibiotic regimen based on bacterial culture results. 6, 11, 12 To provide adequate coverage, IAT typically incorporates broad-spectrum antibiotics, sometimes in combination. 12 However, resistance rates in cIAI isolates are constantly changing and are also subject to regional variation; thus, local epidemiology must be accounted for to ensure that this empirical approach covers the relevant pathogens and does not contribute further to the development of antibiotic resistance. 9, 10, [13] [14] [15] In severe health care-associated infections, delayed IAT and the administration of inappropriate antibiotics have both been linked with IAT failure, increased morbidity and mortality and an increased burden on health care resources. [16] [17] [18] [19] There is a need, therefore, to gain a better understanding of the treatment patterns and risk factors associated with IAT failure, and the impact of IAT failure on patients in a realworld setting. To date, very few studies have looked, on an international scale, at the outcome of IAT in patients with health care-associated cIAI. Clinical trial eligibility criteria often restrict the inclusion of patients with comorbid diseases, so their findings may not be representative of real-world patients. 20, 21 Furthermore, published observational studies have addressed mixed patient populations predominantly with community-acquired infections, rather than health careassociated infections. 5, 22 T h e R E C O M M E N D s t u d y ( N C T 0 2 3 6 4 2 8 4 , D4280R00005) involved a comprehensive review of the medical records of patients with health care-associated cIAI, complicated urinary tract infection (cUTI) and nosocomial pneumonia (NP) across five different countries. The aim of the study was to evaluate the treatment patterns and clinical outcomes among these patients, including an assessment of the IAT outcomes and risk factors associated with IAT failure. Analyses relating to patients with cIAI are reported here.
Patients and methods study design
RECOMMEND was an international, retrospective, multicenter, non-interventional cohort study based on a retrospective chart review of hospitalized adult patients with health care-associated cIAI, cUTI or NP from Brazil, France, Italy, Russia and Spain, between July 1, 2013 and June 30, 2014. The study was designed and performed in accordance with the ethical principles of the Declaration of Helsinki. The study was consistent with the sponsor's policy on bioethics, the harmonized tripartite guideline E6(R1) from the International Conference on Harmonization, Good Clinical Practice and applicable regulatory requirements. The study protocol was reviewed and approved by an ethics committee (EC) or an institutional review board (IRB) at each site, except in France, where this is not required for retrospective studies, and Spain, where the national regional regulatory agency evaluated and classified the study in addition to EC approvals. The names of the ECs and IRBs providing their approval for the conduct of this study can be found in Table S1 . Site investigators were responsible for obtaining informed consent from the patient or their legal representative in accordance with the local regulations.
Data were collected in an electronic case report form based on patient medical records covering the patient from diagnosis to 30 days' post-discharge, death, loss to follow-up or the end of the study period (December 31, 2014) if not discharged by the end of the study.
Patients
For inclusion in the current analysis, patients had to be aged ≥18 years and have a clinical diagnosis of health careassociated cIAI requiring surgical intervention as previously defined, 21 with evidence of involvement of more than one organ causing peritonitis, and parenteral antibiotic therapy during the hospital stay beyond the 24-hour regimen associated with surgery. Health care-associated infection was defined as hospital acquired (developed ≥48 hours after hospital admission) or acquired in another health care setting, including hospitals, nursing homes, long-term care facilities or hemodialysis clinics, ≤3 months prior to or during in-patient admission. Patients were excluded from the study if they had taken part in any clinical trial during the patient selection or follow-up period.
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Patients were identified using the ICD-10th revision codes or diagnosis-related group codes from the hospital discharge records, the health care-associated infection registry or other site-specific sources. Inclusion and exclusion criteria were applied to the corresponding medical charts and the final selection of eligible patients was at the discretion of the investigator, applying the criteria used in routine practice to identify patients with complicated infections. Each site could accrue a maximum of 40 patients per type of infection.
study measures
The primary objective of the study was to document the association of clinical outcomes with IAT (defined as all antibiotic agents administered during the 48 hours post-initiation of antibiotic therapy) and determine the factors associated with IAT success and failure. Success was defined as discontinuation of IAT, including de-escalation or streamlining, because of clinical cure or improvement, with no further need for an antibiotic; or a switch to oral antibiotic; and no readmission due to the same infection within 30 days of discharge. Failure was defined as discontinuation of the antibiotic regimen for reasons other than cure, de-escalation or streamlining; a change in IAT due to perceived clinical failure; a dose increase or addition of another antibiotic beyond 48 hours of treatment; the requirement of an additional source control procedure performed >48 hours post-IAT; in-hospital death of any cause; or readmission due to recurrence of the same infection within 30 days of discharge. In cases in which there was insufficient information to conclude whether the IAT outcome was a failure or a success, an indeterminate outcome was concluded. Data were collected for IAT and up to four additional lines of antibiotic treatment following IAT. A new line of antibiotic treatment was defined as any change occurring after 48 hours of initiation of antibiotic therapy, including discontinuation, an increase in dose, a switch to oral therapy or the addition of a new antibiotic.
Additional information captured from medical records comprised baseline details relating to patients, pathogens and sites, including patient age, sex, comorbidity burden, pathogen type and the presence of MDR pathogens. To be classified as MDR, pathogens had to display resistance to at least one antibiotic in a minimum of three of any of the following drug classes: aminoglycosides, chloramphenicol, carbapenems, cephalosporins, glycylcycline, penicillins ± β-lactamase inhibitors, quinolones, tetracyclines, macrolides or streptogramins for all pathogens; or glycopeptides, oxazolidinones and lipopeptides for Gram-positive pathogens; or mono-bactams for Gram-negative pathogens; or nitroimidazole for anaerobic pathogens. The incidence of IAT failure, in-hospital mortality rate, mortality rate at 30 days' post-discharge, incidence of hospital readmissions within 30 days' post-discharge, incidence of secondary infections, hospital length of stay, and total number of days on IAT and four additional lines of antibiotic treatment were also noted. Details of treatment were recorded, including antibiotic type(s), monotherapy or a combination of antibiotics, and the physician-reported reason for ending treatment.
statistical analyses
All variables were reported using descriptive statistics, and data were analyzed overall and by country. 
Results
Patient demographic and clinical characteristics
Data from 26 hospital sites across the five participating countries were collected (Brazil, n=4; France, n=6; Italy, n=6; Russia, n=4; Spain, n=6). Across all three indications of interest, 1,708 potential patients were identified, and 1,321 patients were enrolled based on the inclusion criteria for each indication and patient consent, where applicable (not required in Spain). Complete start and stop records for IAT were available for 1,244 patients (cIAI, n=385; cUTI, n=408; NP, n=451).
In total, 385 (30.9%) out of 1,244 patients were included with health care-associated cIAI as their index infection, with a mean (SD) age at hospital admission of 64.4 (15.7) years and a relatively even split of male to female patients (56.4% male overall), as shown in Table 1 .
The majority (62.1%) were enrolled with hospitalacquired cIAI. The most common cIAI conditions (≥10% of patients) were secondary peritonitis (37.4%), intra-abdominal abscess (30.4%) and cholecystitis (16.4%). The mean (SD) Deyo-Charlson comorbidity score (DCCS) was 2.4 (2.5), submit your manuscript | www.dovepress.com
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Peeters et al with 327 (84.9%) of 385 patients having at least one comorbidity that required hospitalization, chronic or ongoing drug therapy, or surgical treatment (Table 1) . Within the 90 days prior to index hospitalization, 122 (31.7%) patients had been hospitalized at least once and 118 (30.6%) had received antibiotics. Of those who had received prior antibiotics, the majority had received either β-lactam-based penicillin or another β-lactam-based antibacterial ( Table 1) .
The majority of patients in this cIAI cohort underwent a surgical intervention (295/385, 76.6%), with the majority of those surgeries being for the purpose of source control of the infection (218/295, 73.9%). A second surgical intervention to control the source infection was required by 20.2% of those who underwent surgery, and 13.3% required three or more surgical interventions. Of note, the proportion of patients who underwent surgery and required three or more surgical interventions to control the source infection was numerically higher in Brazil and Russia (22.0% and 19.7%, respectively) than in other countries (≤10.0%), as shown in Table 2 .
Pathogen characteristics
At least one bacterial pathogen was identified in 270 (70.1%) patients. Among the 454 bacterial pathogens isolated, 46 were isolated before the start of IAT, 309 were isolated within 0-6 days of the start of IAT and 133 were isolated 7 days or more after the start of IAT. Of the 270 patients, 221 (81.9%) had a Gram-negative pathogen isolated, 92 (34.1%) had a Grampositive pathogen and 21 (7.8%) had an anaerobic pathogen (a patient could have more than one pathogen type identified; Figure 1 and Table S2 ). The most commonly isolated Gram-negative pathogens (≥10% of patients) were E. coli (47.0%), Klebsiella spp. (17.0%) and P. aeruginosa (11.1%); however, differences were noted across countries ( Figure 1 and Table S2 ). The most commonly isolated Gram-positive pathogens overall were Enterococcus spp. (20.0% of patients in the overall cIAI cohort), although again, differences were noted across countries.
MDR pathogens were isolated in 41.5% of all patients who had a pathogen identified, with the highest incidence observed in Russia and the lowest in Brazil and Italy ( 
IaT treatment patterns
In the cIAI cohort, 48.6% of patients (187/385) received a single antibiotic as their IAT, while the remaining 51.4% (198/385) received a combination of antibiotics. The mean (SD) duration of IAT was 11.1 (20.2) days. Notably, IAT duration was shorter in patients receiving monotherapy than in those receiving combination therapy (Table 3) . Large inter-country variation was observed in the antibiotics used throughout the study. The most common agents used either as a monotherapy or as part of a combination therapy are presented in Table 3 (all agents used as part of any IAT therapy in ≥5% of the total population). Across all countries, the most frequent monotherapy IATs (≥5% of those receiving monotherapy) were β-lactams/β-lactamase inhibitors (piperacillin-tazobactam, 33.2%; ampicillin-sulbactam, 13.4%, amoxicillin-clavulanic acid, 5.3%) or β-lactams on their own (ceftriaxone, 10.2%; cefotaxime, 6.4%; meropenem, 5.3%). The most frequent combination IATs (≥5% of those receiving combination therapy) were ceftriaxone + metronidazole (11.6%), ciprofloxacin + metronidazole (11.1%), meropenem + vancomycin and amikacin + ceftriaxone + metronidazole (6.1% each).
The most common reasons for IAT discontinuation reported by physicians were cure (32.9%), perceived failure (28.5%), de-escalation (18.8%) and death (14.9%), as shown in Table 3 . Notably, discontinuation due to cure was numerically higher in patients receiving combination therapy than monotherapy (39.3% vs 26.2%, respectively).
In the overall cIAI cohort, 37.9% received only the IAT. Meanwhile, 62.1% had a second line of treatment, 34.5% a third, 19.5% a fourth and 9.6% a fifth line. Most treatment lines given after IAT were monotherapies: 64.0% (153/239), (Table 4 ). This was shorter in cases of IAT success than IAT failure or indeterminate outcome. However, variation in overall treatment duration was observed across the different countries (Table 4) .
clinical outcomes of IaT
IAT failure was identified in 263 (68.3%) patients in the overall cIAI cohort, with similar rates across all countries (Table  4) . Patients receiving monotherapy had numerically higher rates of IAT failure compared to those receiving combination therapy (70.6% vs 66.2%, respectively; Figure 2 ). IAT success and indeterminate outcomes were observed in 22.5% and 7.0%, respectively, of patients receiving monotherapy and in 28.8% and 5.1%, respectively, of patients receiving combination therapy. For all patients, the overall mean (SD) length of hospital stay from admission to discharge was 28.8 (30.8) days. Length of hospital stay did not differ greatly by IAT treatment outcome, except in Brazil, where patients with IAT success had a numerically shorter length of hospital stay than those with IAT failure (Table 4 ). The overall in-hospital mortality rate was 40.8%, although this varied across the participating countries, being highest in Brazil and lowest in Spain and Italy. The 30-day post-discharge mortality rate was 41.0% (Table 4) .
There was a numerically higher rate of IAT failure in patients with MDR pathogens identified (81.3%) than those without (62.7%) in the overall cohort; this was observed consistently across all participating countries except France, where the IAT failure rates in patients with or without an 
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Peeters et al MDR pathogen identified were roughly similar (Figure 3 ). In the overall cohort of patients with an MDR pathogen identified, the in-hospital and 30-day post-discharge mortality rates were also slightly higher than in those with no MDR pathogen identified. However, this was not consistently reflected across countries (Table 4) .
Univariate and multivariate factors associated with IaT failure
Factors associated with IAT failure identified by the univariate (unadjusted) analysis (P≤0.25) for consideration in the multivariate analysis were age: country; intensive care unit (ICU) admission; DCCS; site-level resistance to thirdgeneration cephalosporins, third-generation carbapenems, or combined site-level resistance to both; patient-level presence of MDR pathogens; prior hospitalization within 90 days prior to the index hospitalization and treatment with β-lactams within 90 days prior to the index hospitalization (Table 5) . Accounting for these confounding factors, a multivariate model was developed. The final model had a Hosmer-Lemeshow χ 2 value of 1.3467 with five degrees of freedom (P=0.9301), indicating no evidence of lack of fit. The final model also had deviance and Pearson χ 2 values of 138.01 and 128.03 with 116 degrees of freedom (P=0.0799 and P=0.2097), respectively, indicating no evidence to reject the fitted model. Using this model, three predictive factors with a statistically significant association with IAT failure (P≤0.05) were identified: patients admitted or transferred to an ICU setting during their index hospitalization (P=0.024), patient-level isolation of an MDR pathogen (P<0.001) and treatment with β-lactam antibiotics within 3 months prior to the index diagnosis (P=0.025).
Discussion
IAT treatment patterns, outcomes and potential risk factors for IAT failure in patients with health care-associated IAT failure defined as discontinuation of the antibiotic regimen for reasons other than cure/improvement in symptoms, including dose increase or addition of another antibiotic beyond 48 hours of treatment, in-hospital death of any cause or readmission due to recurrence of the same infection within 30 days of discharge. streamlining, de-escalation or switch to oral antibiotics was not considered as treatment failure. Abbreviations: IaT, initial antibiotic treatment; lOs, length of hospital stay; MDR, multidrug resistant, na, not applicable.
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Peeters et al infections, including cIAI, were assessed with a view to presenting a practicable insight into clinical management across Brazil, France, Italy, Spain and Russia. This is one of the first studies to look at the real-world outcomes and treatment patterns across these countries in patients with health care-associated cIAI.
Patient and disease characteristics and pathogen identification documented here were in line with the few other observational studies that have looked at clinical, microbiological and treatment profiles of community-and health care-acquired cIAIs. 5, 22 Importantly, the frequency of comorbidities and previous number of admissions were high in this cohort. The most commonly observed pathogens (E. coli, Klebsiella spp. and P. aeruginosa) were reflective of those that have previously been associated with cIAI in more stringently selected populations within clinical trials 21, 23 and those observed in surveillance studies. 9 Of note, the proportion of patients from whom anaerobes were isolated was heterogeneous, which may reflect differences in sampling and microbiological procedures.
Across all countries in this study, IAT failure was observed in over two-thirds of patients. Failure rates were high (>60%) in each individual country, with higher rates observed in Brazil and Russia. The percentage of patients with an indeterminate outcome was low across all countries and unlikely to have affected the results observed. The high rate of failure may be due, in part, to the patient population In critically ill patients, empiric IAT has an integral role in the success of treating health care-associated infections. [16] [17] [18] [19] Appropriate IAT choice is an important contributing factor to the likelihood of treatment success. 1 Treatment guidelines advise that IAT for IAI should comprise a spectrum covering possible etiological pathogens, including Gram-negatives and anaerobes. 12, 24 This can be monotherapy active against both or combination therapies that provide the coverage required. IAT should also be tailored to account for known local intrinsic resistance mechanisms of likely etiological pathogens and, in the health care-associated setting, coverage for P. aeruginosa and Gram-positive bacteria such as Enterococcus spp. is recommended. 1, 25 In the present study, large inter-country variation was observed in the specific antibiotics used, potentially due to differences in the availability and cost of antibiotics across the different countries or the prescribing patterns accounting for local resistance patterns. However, from the relatively high level of IAT failure observed and the proportion of patients with perceived clinical failure requiring subsequent lines of antibiotic therapy, IAT selection in some of these patients might have been suboptimal, providing limited or compromised efficacy against the subsequently identified pathogens.
With an ever-increasing prevalence of MDR pathogens isolated from cIAIs, antimicrobial resistance among health care-associated pathogens has been identified as one of the major challenges in the management of cIAI. 7, 9, 22 In the present study, just under half of the patients with pathogens identified had an MDR pathogen isolated. This is consistent with the literature, which shows a higher proportion of MDR pathogens among health care-associated infections than community-acquired infections. 6 The definition of MDR in this study was in line with that proposed in a European Center for Disease Prevention and Control and Centers for Disease Control and Prevention initiative. 26 The multivariate analyses performed demonstrate that the presence of an MDR pathogen and treatment with β-lactam antibiotics within the 3 months prior to index infection are associated with an increased risk of IAT failure. It is noteworthy that it was specifically pretreatment with β-lactam antibiotics and not any other pretreatment that was significantly associated with IAT failure. While it is expected that the use of previous antibiotics would select patients with drug-resistant pathogens, the effect of previous β-lactam use was independent of isolation of an MDR pathogen. These data support the importance of understanding and interpreting treatment guidelines to account for patient history and the local epidemiology. 14, 16, 27, 28 In addition to high IAT failure rates, the overall mortality rates observed here were higher than the average mortality rates seen in other observational studies (typically around 10% or less), which mostly included less-complicated community-acquired infections. 5, 22, 29, 30 However, it is recognized that the cause of death has not been analyzed and may not be related to the index infection.
Limitations of this study pertained mostly to its retrospective design, which limited data availability to information in the patient record and, given the relative ease of enrolling deceased vs living patients, may have favored the selection of a more severely ill patient population. Severity of illness may be reflected in the relatively high proportion of patients who were admitted or transferred to the ICU and may explain the b Variables identified as significant in the univariate logistic regression analysis (P≤0.25) were analyzed by multivariate logistic regression analysis. Data shown are from the final model using the stepwise backward selection process; therefore, only significant data that remained in the final model for the multivariate analysis are shown. 
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association of this factor with IAT failure during multivariate analysis, although this should be interpreted with caution due to differences in hospital requirements and practice patterns for admission to the ICU. Given a lack of consensus on the definition for IAT failure, the study used a composite definition, which included additional interventions for infection source control and death due to any cause. With the relatively high level of comorbid conditions in these patients and their underlying medical conditions, inclusion of all-cause death may have overestimated the rate of IAT failure and led to worse outcomes than those observed in other published literature in this area.
Despite these limitations, the present study provides a global, real-world insight into current treatment patterns for patients with cIAI, the impact of IAT failure in patients who have been treated according to current cIAI practice and the potential risk factors associated with IAT failure. These data reiterate the challenges presented when choosing IAT, as well as the need for ongoing epidemiological studies and communication between microbiologists and prescribing physicians that will assist in providing a more tailored approach to IAT selection. This study was unique in looking specifically at the risk factors associated with IAT failure and in using IAT failure as an endpoint. With the paramount importance of effective early antibiotic treatment in cIAI, a broader awareness of local resistance epidemiology and further understanding of the influence of these risk factors on IAT and overall clinical outcome will help guide IAT selection and cIAI management.
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